Abstract: In this article we are interested in the optimal choice of the tilt angle of solar water heaters, in the case of Tunis (lat 36°.85, long 10°.2). We studied several variations of usage months: spread all year round or solely reduced for some months: nine, seven or five months centered on winter -the most difficult period to satisfy in term of solar energy. Results show that a more elevated tilt of the collector for some degrees in relation to the latitude of the place [1] is essential especially if we want to make favorable the conditions of collecting in winter where resources in solar energy are at their minimum, whereas, the needs in hot water are at their maximum. In a second part of this article, means of conversion are given, for a collector plane tilt of an angle "i", of the solar data of the received global and diffuse solar radiation by the horizontal plane. The results are resemble those of to Duffie [2] but the correlation is shorter. Thus, we can help laboratories which are not equipped with measure devices of solar energy; an apparent data to determine performances of all solar energy conversion system or using it as primary energy source. We can rely on solar data which will be converted according to both the tilt angle and the orientation of the solar panels.
INTRODUCTION
Beginning, with the observation that the solar water heaters are heated too much in summer, but are unsatisfactory in winter, so the need for an augmentation is apparent. In addition, considering the increased interest of the knowledge of the incidental radiation solar on a solar collector in order to determine its performances, as well as the interest of the inclination angle optimization of the collector according to the desired use of the collector, many papers were published for various countries of the world [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
Following authors: Singri [8] , Yakup [10] , Elminir [17] and Tang [19] , was use for the south facing collector a same simplified correlation (1) (1) representing the geometric factor which is the ratio of the beam radiation and the tilted surface to that on a horizontal at any time.
For the optimal tilt angle « i », the authors Singri [8] , Duffie-Beckman [2] and Elminir [17] suggested to chose it equal to local latitude plus 15° in winter and minus 15° in summer.
The present article is published for Tunisia [20] to determine the incidental solar energy on a collector for various slopes and with various orientations, which can be generalized with the solar water, photovoltaic panel and air collectors, but also with the walls of a building.
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The conversion of global and diffuse solar radiation on a horizontal to a tilted plane is also treated by Ben Slama [21, 22] . In fact we have found a more simple correlation than other authors, such as Duffie & Beckman [2] .
COMPUTATION MODEL
To know the solar energy received per day by an inclined plane collector of an angle "i" compared to the horizontal one, the following sizes are successively computed using the Bernard-Menguy-Schwartz model [4] , checked in appendix:
-the height of the sun at true solar midday
The variation of the sun (t) is equal to the latitude of the place located between the tropics and for which the solar rays are perpendicular to the horizontal plane at solar midday. Table 1 gives the monthly average of the variation. -the angle "u" formed between the normal of the collector and the solar rays at solar midday:
-the direct radiation (i.e. coming directly from the sun and not from the atmosphere), under three conditions of clear sky: 
-the diffused radiation (i.e., emitted or reflected by the atmosphere, the clouds… received by the horizontal plane in the three cases of sky:
• very clear sky (8) • polluted sky )) ( (sin 4 . 0 . 125
-the total radiation received by the horizontal plane:
-diffuse and total radiations receipts by the inclined collector plane:
The albedo is the coefficient of reflexion of the ground located in front of the collector (usually taken equal to 0,2).
-Duration of the day: (13) For a solar collector directed constantly towards the south, and for the period located between the March 21 and the September 23, the duration of collecting is to be corrected by:
-finally received energy:
Were P = T0 unless date between March 21 to Sept 22, where P = T0'
RESULTS AND DISCUSSIONS

Ideal Tilt Angle of the Solar Collectors According to the Date
The goal of this article is to show that the optimal angle is not inevitably the average of the slope over the year, that is to say the case of Tunis (60+14)/2 = 37° which corresponds to approximately the latitude of the place. This angle depends especially on the period of use of the solar collector.
We will see hereafter that the optimal angle "i" can reach 55° if we want to privilege the use during the winter period which spreads out over five months, from November to March. Fig. (1) shows the variation, according to the time, which the collector tilt angle, for an optimal absorption of the solar radiation, should have. In the case of Tunis, the angle "i" varies between 14 and 60 degrees according to the date. 2) gives the variation of the average total flux G(i) received by an inclined plane at midday, under good weather, for uses of the solar collectors being spread out over various periods.
Flux Received by the Collector According to the Slope and of the Period of Usage
A variation of more or less 5° of the inclination angle compared to the optimal value is tolerable. Each curve indeed admits a maximum of power for this optimal value of inclination. 
(sin (h))
We note, according to the desired period of usage of the solar collectors, that the optimal inclination with the horizontal evolves, indeed:
-If the use is spread out over all the year round (12 months), in an intense way in summer, as in winter, then the inclination of the collector must be higher than the latitude of the place of approximately 5° in order to profit as much as possible from the albedo contributions. Perhaps Chauliagué [23] neglected this point. Thus for Tunis, the angle inclination should move from 37 to 42° (Fig. 2) .
-On the other hand, if the usage consists of the heating of domestic water, three months (from June to August) will be omitted from the period of use, because in summer, the weather is very warm in Tunisia and the hot water needs are at their minimum. The optimum of incidental flux for the nine other months is obtained for an inclination in around 50°, In summer, even with a very high slope of the collector (50 ° instead of 20°), water heats well because the thermal losses towards the ambient hot air are not high, however the needs for domestic hot water are weak.
-Finally, if the use of solar energy interests the winter period only (November to March), then the optimal inclination is in the neighborhoods of 58°. We note that for an incidence of 45°, the intercepted solar flux is better than that for 36°, 8 during all the winter period. It is also the case for 55° which is better than 45° during this same period.
Received Solar Flux by the Collector According to the Date and Various Inclinations
Thus, these two angles (45° and 55°) offer, compared to 36°.8, a better arrangement of collecting from November to March, period during which the solar contributions are in their minimum. On the other hand, the arrangement becomes unfavorable in summer, but that does not prevent from obtaining sufficiently hot water in view of the so high ambient temperature in summer. 
Energy Received According to the Date Under for Various Inclinations of the Solar Collector
If the power curves do not give a great variation of the solar supply according to the seasons, it is not the case for the energy curves which give more significant variations; this is because of the insolation fraction which varies from winter to summer to more than 50%. In fact according to Fig. (4) , the energy received in August is twice as much as in December.
The 55° inclination offers, in winter period, a maximum energy, whereas the 36°.8 angle offers a weaker energy during the same period (-10 kWh). The latter is better during the rest of the year (+20 kWh). The maximum of each curve indicates a certain optimal value of the inclination angle.
Received Energy According to the Inclination of the Collector and the Period of Use
If the use of the solar water heaters is spread out over all the year, which is rare, then the inclination angle can be taken near to 40°.
But if we want to privilege the use in winter when the climatic conditions are the most difficult, then the angle to be considered can be taken between 50 and 60°. The following findings confirm what was proven previously. The optimal slope is approximately 50° for an albedo of 0.1. This inclination rises to 65° for an albedo of 0.9. Indeed, the passage of the albedo from 0.1 to 0.9 evolves an increase of the received solar energy of 10 % for an inclination of 55°. The higher the inclination in winter, more solar flux is intercepted and more energy collected.
Influence of Albedo on Received Energy
For periods of use more than five months, the result would be the same one, except that the optimal angle would be smaller. 
CONVERSION, ON AN INCLINED COLLECTOR, OF THE HORIZONTAL MEASUREMENTS PRO-VIDED BY THE WEATHER STATIONS
Many laboratories in the world do not have material of measurement of solar radiation received by the solar collector plane which they use in their study. However weather stations are numerous in Tunisia, as well as all over the world and that would be an attractive idea to use their measurements of global and diffused radiation received by the horizontal plane. This is all the more true when these stations are sufficiently close for them.
Two principal cases can arise [21] : -The solar collector is constantly directed towards the sun (or at each half an hour for example), with a fixed or variable inclination.
-the collector has a fixed inclination and a constant orientation towards the south [19] .
Collector Directed Constantly Towards the Sun
We decompose the direct solar radiation (Fig. 7) into its two components received by vertical plane IDV and horizontal IDH, which we project on the normal of the collector. Fig. (7) . Direct solar flux decomposition.
but, IDH is the difference between the global and the diffused radiation received by the horizontal plane and measured by the weather stations, that is to say: 
The global radiation received by the collector is the sum of the direct and diffused radiations, therefore:
what can be written easily in the form:
As for the height of the sun, it is given at any moment by [5] :
Collector Fixed Orientation, Towards the South
As previously, ID is decomposed up into ID V and ID H (Fig. 8a) . We bring back vertical component ID V of solar flux in the normal plane to the collector directed towards the south (Fig. 8b) to obtain ID VS . We make then the projection of ID H and ID VS on the normal with collector n (Fig. 8c) . The azimuth "a" is measured in the horizontal plane, between the position of the sun at any moment and its position at solar midday. "a" is related to the time angle AH which constitutes the rotating angle of the earth of a given moment until solar midday (1h corresponds to l5°) by:
The 
We obtain:
If a = 0, we find the preceding formula of G(i) where the solar collector is directed constantly towards the sun. 
Notice:
In the reference [24] , the following expression of ID (i) is gived:
(sin H. cos (i) + cos (h). sin (i). cos (a))/sin (h) (31)
It is equivalent to ours.
However in the reference [2] , we find the relation (26) quiete long:
(cos( -i) . cos ( ) . cos (AH) + sin ( -i) .sin ( ) . cos ( ) . cos i) . cos (AH) + sin(
Which does not have the same expression as ours, but which gives, after checking, exactly the same result.
Hamdy and et al. [25] gives some conversion for the case study of Helsan, Egypt.
CONCLUSIONS
It is commonly assumed that the angle of inclination of a solar collector that will give optimum annual performance is approximately equal to the latitude at the given location. However preliminary observations made in this study strongly suggest that this may not be the case as illustrated in Fig. (5) .
The first part of the study clearly shows that the angle of inclination taken commonly equal to the latitude of area is not correct even if the use is spread out over all the year (Fig.  5) . During the broadest period of heating, which spreads out from mid-September to the end of April, the optimal inclination of the solar water heaters is of 55°, providing the same amount of energy as with the ideal inclination (i=90-h). In April the defect is only 5%. The 10 % decrease of incidental solar energy, by this inclination, around June is not at all a handicap, since it is a naturally hot period, and to the fact that needs in hot water weaken. On the contrary, we thus protect the collector from overheating which affects its longevity.
The second part involves the estimate of incidental solar energy. The formula, given for the calculation of received energy, have a sufficient precision to be able to adopt them when designing solar system. For an existing photovoltaic or thermal solar installation, and to take account of the wispy cloud, the follow-up of the performances requires the measurement of incidental solar energy, failing this, we can use the closest weather stations data adopted according to conversion formula given in this present article. . (8) . Components of the direct radiation, and their projections on the normal of the collector.
